Treatment of melon leaves or seedlings with elicitors of Colletotrichum lagenarium, a fungal pathogen of melon, increases chitinase activity. In treated leaves, chitinase is enhanced within the first 6 hours and becomes 2 to 10 times higher than in control leaves after 24 hours. Ethylene is increased simultaneously and is correlated with chitinase elicitation. In the presence of aminoethoxyvinylglycine, an inhibitor of ethylene synthesis, both elicitor-induced ethylene and elicitor-induced chitinase are inhibited. This inhibition is overcome by added exogenous ethylene. On the other hand, 1-aminocyclopropane-1-carboxylic acid the direct precursor of ethylene, triggers chitinase activity. Chitinase elicitation is thought to be a protein synthesis dependent process, as it does not occur in the presence of cycloheximide.
For many years, fungal elicitors have been studied mainly for their ability to induce in plants the biosynthesis and accumulation of antimicrobial compounds called phytoalexins (3, 34) . Because the accumulation of phytoalexins is only one of the several mechanisms displayed by plants against pathogens (31) it has been proposed that elicitors might have a more general effect on plant defense. This hypothesis has been partly checked in previous papers by demonstrating that elicitors of Colletotrichum lagenarium induce the synthesis of ethylene and of hydroxyproline-rich glycoproteins in melon plants (10, 27, 30) .
In this paper, we report the effect of C. lagenarium glycopeptide elicitors on the chitinase activity of melon plants. Chitinase is thought to be a defense enzyme since chitin is not present in plants but is an important component of fungal cell walls and insect cuticles. Its ability to hydrolyze the cell wall of fungal pathogens (28, 33) and to release elicitors (12, 13) strongly supports the role of chitinase as an antifungal enzyme. The chitinase activity of melon and of other plants is highly stimulated upon infection with fungal pathogens (21, 24, 25, 28) and after treatment with ethylene (1, 4, 28). Since ethylene synthesis is enhanced in plants treated with elicitors (30) , the present study was also aimed at understanding whether fungal elicitors exert a role on chitinase via ethylene.
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BIOLOGICAL MATERIAL
Melon seedlings (Cucumis melo, cv Cantaloup charentais) were obtained as previously described (8) .
Colletotrichum lagenarium was grown on a liquid culture medium (8) . ELICITOR 
TREATMENT
The fungal elicitor mainly used in these studies was the elicitor 1, obtained by gel filtration and ion exchange chromatography of the ethanol-soluble elicitor fraction recovered from a crude autoclaved extract of the mycelium (30) . Alternatively, the ethanol-soluble fraction was used in some experiments. These elicitors are fungal glycopeptides (mol wt = 5-10,000) whose activity is correlated with their sugar portion (30) ; accordingly their amounts were expressed as Mg glucose equivalents for the purpose ofconvenience. Two different assays using excised leaves or whole seedlings were used to measure the elicitor activity. In the assay using seedlings, the elicitor (50 Ml corresponding to 50 Mg Glc eq) was given to 28-d-old seedlings through a wound made by gently squeezing the center area of the cotyledon with pliers; the elicited area was then covered with a piece of Parafilm to avoid drying out of the wound. In some experiments, the seedlings were excised (0.8-1.2 g fresh weight) and then enclosed in flasks (570 ml) stoppered with serum caps. In the assay using leaves, the first fully expanded leaf (0.5-1 g fresh weight) of 30-d-old seedlings was excised, rolled up, and enclosed in a 14 ml test tube with the bottom of the petiole immersed in 5 ml of 10 mm phosphate buffer, pH 6.0, containing the elicitor. The tube was then stoppered with a serum cap.
MEASUREMENT AND MODIFICATION OF ETHYLENE PRODUCTION
The two assays were used to measure the production of ethylene, which was determined by GC (29) of 1 ml of the internal atmosphere of the flask containing the plant material. Under these conditions, ethylene was readily detected at concentrations of 50 nl/L in a 1 ml sample. ACC2 (Sigma) and AVG (Hoffmann-Laroche) a precursor and an inhibitor of ethylene synthesis, respectively (2, 16), were used to control ethylene production. These compounds were solubilized in the buffer used for the assays. ENZYME ASSAYS Chitinase Colorimetric Assay. The chitinase activity was measured using chitin as a substrate (1). Chitin was prepared from crab shell chitin (Sigma), according to Tracey (32) . The incubation medium consisted of 0.5 ml of enzymic extract and 1 ml of chitin suspension (12 mg/ml in acetate buffer 0.1 M, pH 5.0). After incubation at 30°C for 45 min or 90 min, the enzymic hydrolysis was stopped by boiling the whole mixture for 10 min; the unhydrolysed chitin was pelleted by centrifugation and the released N-acetylglucosamine residues were colorimetrically assessed (26) on an aliquot of the supernatant. Enzyme and substrate blanks were also carried out.
Chitinase Radiochemical Assay. The chitinase activity was determined using radiolabeled chitin as a substrate. This substrate was prepared by reacetylation of chitosan with tritiated acetic anhydride (Amersham, 500 mCi/mmol), according to Molano et al. (20) ; its specific activity (49.7 kBq/mg corresponding to 4.6 Mmol Glc NAc eq) was determined by measuring the radioactivity and the N-acetylglucosamine residues (in terms of glucosamine equivalents) released by acid hydrolysis (100°C, 6 h) of an aliquot. The enzymic assay consisted of 0.2 ml of the enzymic extract and 0.5 ml of a suspension of radiolabeled chitin (6 mg/ml in acetate buffer 0.1 M, pH 5.0). After incubation for 30 min at 30°C, the enzymic hydrolysis was stopped by adding 0.4 ml of a 20% TCA solution. The suspension was then centrifuged and the released radioactivity was measured by liquid scintillation counting of a 0.3 ml aliquot of the supernatant added to 5 ml of Ready-Solv MP (Beckman).
Since the reaction product formation was nonlinearly related to enzyme concentration, several dilutions of the enzymic extract were performed for each assay, and the activity was determined for an enzyme concentration approaching 0, as described by Boller et al (4 (17) and carbohydrate by the anthrone assay of Dische et al. (6) .
RESULTS
The statistical evaluation of the reported data is indicated in the legend of figures and tables.
Chitinolytic Activities. The enzymic degradation of chitin is thought to occur as a result of the successive action of endochitinase, exochitinase and fl-N-acetylglucosaminidase (1 1, 15). Endochitinase hydrolyzes internal 1,4-fl-acetamido-2-deoxy-D-glucoside linkages of chitin, producing oligosaccharides which are in turn hydrolyzed by exochitinase and/or by O-N-acetylglucosaminidase; these two latter enzymes are supposed to differ by their substrate specificities: exochitinase exhibits a high affinity for chitin oligosaccharides, and hydrolyzes mainly from trimer to hexamer, while j-N-acetylglucosaminidase shows a lower affinity for chitin oligosaccharides, and hydrolyzes mainly the dimer (15) .
Two chitinase assays were developed: a radiochemical assay based on the liberation of soluble radioactivity from [3H]-chitin, which allowed to determine endochitinase activity, and the subsequent hydrolytic effect of exochitinase and fl-N-acetylglucosaminidase, and a colorimetric assay based on the assessment of N-acetylglucosamine residues released by exochitinase and ,B-Nacetylglucosaminidase. Chitin deacetylase and ,B-N-acetylglucosaminidase assays were also carried out in this study.
These activities were measured in crude extracts of melon seedlings treated with ethylene (10 MI/L) or with C. lagenarium elicitor 1 (50 ,ug Glc eq/plant) (30) . Table I shows that chitinase activities were stimulated by elicitor or ethylene by a factor of 3 to 1 1; j3-N-acetylglucosaminidase activity was present, but was poorly stimulated by the two treatments, while chitin deacetylase activity could not be detected in any case. Although the triggering effect of elicitor or ethylene on ,B-N-acetylglucosaminidase activity and on chitinase activities (colorimetric assay) is very different, the presence and the stimulation of exochitinase activity cannot be ascertained, because the measured activity (colorimetric assay) might be relevant to a f3-N-acetylglusaminidase activity, combined to a highly stimulated endochitinase activity. In spite of the use of different enzyme substrates, and because of the use of a crude extract, the different activities remain undistinguishable. However, endochitinase activity was highly stimulated by the two treatments, as shown in Table I . For all these reasons, in the further experiments, two different assays, will be performed: the colorimetric and radiochemical assays, and for a purpose of convenience, called chitinase activity assays.
Effect of Collktotrichum lagenarium Elicitor on Ethylene Production and Chitinase Activity of Melon Plants. Leaves were enclosed in vials for 24 h and allowed to absorb the elicitor at increasing concentrations, or phosphate buffer (control). The elicitor of C. lagenarium used in this assay was elicitor 1 (30) . It was found (Fig. 1 ) that ethylene production was stimulated by a factor of 2 at an elicitor concentration of 100 Mg Glc eq/ml, and was nearly maximum at this concentration. The chitinase activities were also enhanced by a factor of 2 to 3 as measured in the colorimetric assay, and by a factor of 10 in the radiochemical assay, at an elicitor concentration of 400 Mg Glc eq/ml.
The stimulation of chitinase in excised leaves was a relatively rapid response to elicitor treatment: it occurred between 3 to 6 h after beginning of the treatment (Fig. 2) which suggests the presence of only a few and rapid intervening steps between elicitor perception and increase in chitinase activity. The possibility exists that this stimulation resulted in part from a stress effect since the radiochemical chitinase activity, and to a lesser extent, the colorimetric one, were also enhanced in control leaves. Stress conditions such as wounding (leaf excision in this case) have been reported to promote ethylene and chitinase (4). Such a possible effect was, however, much smaller than the elicitor effect itself.
The results ofthe assay using seedlings confirmed and extended these data: the chitinase activities which were very low in control plants was 2-to 3-fold (colorimetric assay) and 10-fold (radiochemical assay) enhanced upon elicitor treatment (Fig. 3) . The elicited chitinase activities remained high for at least 5 d after this treatment, according to the colorimetric assay; this could result either from the reported extremely long half-life of chitinase (1), or from a long lasting elicitor effect. Such a long-term effect was not observed on the chitinase activities determined by the radiochemical assay.
The level of chitinase activities seemed to depend on the physiological stage of the seedlings, and varied somewhat from experiment to experiment despite careful cultivation and sampling; however, the triggering effect ofelicitor 1 on these enzymic activities was reproducible, and comparable to the effect obtained with the ethanol-soluble elicitor at higher concentrations (see Table IV ).
Effect of Elicitor-Induced Ethylene and ACC on Chitinase Activity. It was reported in previous papers that ethylene, either exogenously supplied to plants (1, 4, 28) or endogenously formed from ACC, the natural ethylene precursor (2), stimulates the chitinolytic activity of plants. The 75%) throughout the incubation period: 12, 24 and 36 h (Fig.  4a) ; the partial inhibition ofethylene synthesis might result from a partial accessibility of AVG to the whole leaf tissue, since this compound was fed through the cut petiole. During the same time (at 24 and 36 h), chitinase was significantly inhibited in elicitor treated leaves only (Fig. 4, b and c) . Thus, at 24 and 36 h, the recorded inhibitions (33 and 23% and 35 and 47%, according to the colorimetric and radiochemical assays, respectively) were much higher than the corresponding inhibitions in control leaves, and also higher than the extent to which the two activities were stimulated in control leaves after excision. Such a differential effect ofAVG on the two enzymic activities in control and elicited leaves could reflect the presence of two or more different enzymes within each enzymic activity, some of them being more sensitive than the others to ethylene. Alternatively, the low effect of AVG on controls might simply be due to the As in the case of AVG treatment, the effects of ACC were not ofthe same magnitude on ethylene and chitinase, being generally higher with the hormone than with the enzyme. Although these discrepancies are not yet understood, they can be regarded as significant in as much as they were found repeatedly. In a further experiment, ethylene treatment was used in an attempt to overcome the AVG inhibition of ethylene synthesis (Table III) . Here again, values for controls and for the two elicitor assays showed a good correlation between AVG inhibition of ethylene and inhibition of the two chitinolytic activities; these activities were fully restored by addition of exogenous ethylene. From these data, it is concluded that a correlation does exist between the production of ethylene upon plant-elicitor interaction and the chitinase activity. For the time being, not all the parameters of the relationship are known; further experiments are needed in order to clarify this point. Elicitation of Chitinase as a Protein Synthesis Dependent Process. The requirement of protein synthesis for the enhancement of chitinase activity by elicitors (ethanol soluble fraction) or ACC was studied using cycloheximide at concentrations ranging within values found in the literature (10-4 10-8 M) . Excised leaves were allowed to absorb cycloheximide or buffer (control) during the first 6 h. Elicitor, or ACC were then added and their effect measured after an additional 18 h. The reported data (Table IV) show that chitinase activities of elicited leaves was enhanced by elicitor by a factor of about 15 or 2, depending on the enzymic assay, and by ACC by a factor of 12 or 1.5. The presence of cycloheximide (10-4_10-6 M) prevented the enhance- (5, 19, 23, 27) . Elicitation of phenylalanine ammonia lyase for instance, was related to an increase in ACC synthase activity in parsley cells (5), although ethylene alone had no effect on phenylalanine ammonia lyase in this system. In bean seedlings, on the contrary, elicitation of chitinase and #-I,3-glucanase was not greatly affected by inhibitors of the ACC pathway of ethylene, although ethylene alone was sufficient to promote their activity (19) . In melon leaves, the possible stress effect shown by controls cannot account for the observed ethylene and chitinase elicited values in the assays. In addition, AVG significantly decreases elicitor-induced ethylene and chitinase activity, an effect which is overcome by adding exogenous ethylene, whereas ACC increases ethylene biosynthesis and chitinase activity simultaneously. It must, however, be underlined that the levels ofethylene and chitinase were affected only partially, and to a different extent in the experiments using AVG or ACC, which suggest that the effect ofethylene on chitinase might be complex. This could also reflect the fact that several enzymes might account for the measured chitinolytic activity, some ofthese enzymes being more sensitive to ethylene and AVG than others. Further investigations are necesary in order to clarify the observed correlations between elicitation of ethylene and of proteins involved in the defense of plants. LITERATURE 
